Isooctenyl alcohols were prepared from hydrolysis of diisobutylene monochlorides which were obtained by chlorination of diisobutylene. Analysis and identification of diisobuylene monochloride and isooctenyl alcohol and hydrolysis of the diisobutylene monochloride to isooctenyl alcohol in the presence of alkalis and solvents were studied . The following results were obtained.
The kinetic studies showed that hydrolysis of monochloride was of the SN2 type. (5) Examination of the product composition during hydrolysis in DMSO showed that secondary monochloride changed to primary isooctenyl alcohols by isomerization. The reaction path of four isooctenyl chlorides, which were contained in the monochloride, was discussed. In the present work, the components contained in the diisobutylene monochloride and isooctenyl alcohol were separated by fractional distillation or by preparative gas chromatography. The isolated chlorides and alcohols were identified by the comparison of their IR and NMR spectra with those of authentic compounds which were synthesized by unambiguous methods. The hydrolysis of diisobutylene monochloride in the presence of alkalis and solvents were carried out, and the effects of reaction conditions and the reaction path were discussed. 
1-Chloro-2-neopentyl-2-propene
[X] To the mixture of 9.64g (0.075mol) of alcohol [IV] and 14.19g (0.077mol) of tri-nbutylamine in 110ml of ethyl ether, 9.55g (0.08 mol) of thionyl chloride was added slowly under was continued for 1hr at room temperature. The product was washed with water, dried over anhydrous sodium sulfate and purified by distillation and preparative gas chromatography. [XII] by preparative gas chromatography. 2.4 Procedure for Hydrolysis of Monochloride Prescribed amounts of alkali, solvent and water were placed in a reaction vessel and heated to a given temperature while stirring; then monochloride which was kept at this temperature was charged to the vessel, and the reaction was started. The reaction mixture was filtered to remove the solid material. The upper layer of the filtrate and the isooctane extracted of the lower (water) layer were combined and distilled. An example of gas chromatogram of the hydrolysis product is shown in Fig. 1 It was considered from these results that this peak was a mixture of C8H15Cl and C12H24, but the structures of these compounds could not be Bulletin of The Japan Petroleum Institute At higher temperatures, the selectivity of prim-C8H15OH decreased and lighter hydrocarbon compounds were formed as by-products by the elimination reaction. As shown in Fig. 3 , the reaction rate increased with the increase in the amount of water. On the other hand, the amount of alkali did not affect the reaction rate above the alkali/monochloride mole ratio of 1.0. These results were consistent with those of the hydrolysis of allyl chloride1),13),14) and benzyl chloride15),16).
Effects of Alkali Compounds
The results of hydrolysis with some alkali compounds are compared in Table 5 . High selectivity for the formation of primary isooctenyl alcohol was obtained in cases of Na2CO3, NaHCO3 and Ca(OH)2, but in the case of NaOH, the selectivity decreased after a long reaction time Bulletin of The Japan Petroleum Institute Isooctenyl Alcohols from Diisobutylene via Chlorination Table 4 Characterization of the Isolated Samples of the Monochloride and the Isooctenyl Alcohol Fig. 3 Effects of H2O/Monochloride Ratio (NaOH) due to the formation of lighter by-products. In the presence of NH4OH, the rate of hydrolysis was low, and the formation of sec-isooctenyl alcohol was preferred. It was supposed that the reason of the good results obtained in the cases of Na2CO3, NaHCO3 and Ca(OH)2 would be due to the effects of pH values of the reaction mixtures14); therefore, in the case of NaOH, good results were expected when the hydrolysis was carried out at the same pH value as that of Na2CO3, NaHCO3 and Ca(OH)2 aqueous solutions. Effects of pH on hydrolysis with NaOH are shown in Table 5 . As expected, the same results were obtained in the optimum pH range
Hydrolysis in the Presence of Alkali and Solvent 3.4.1 Effects of Solvents
Results of hydrolysis by using some solvents are shown in Fig. 4 . Dimethylsulfoxide (DM-SO), dimethylformamide (DMF), triethanolamine Table 5 Hydrolysis with Alkali Solution and pyridine resulted in high conversion of monochloride and high selectivity of prim-isooctenyl alcohol (prim-C8OH). However, triethanolamine and pyridine were decomposed during the reaction, and the products were changed to dark brown in color. With morphorin, methanol and ethylene glycol, high conversion of monochloride was obtained, but selectivity of prim-C8OH was low. Probably the monochloride reacted with methanol or ethylene glycol to form ethers. It is known in the hydrolysis of allyl chloride that diallyl ether is formed by the reaction of allyl chloride with the allyl alcohol1),14) produced. 3.4.2 Hydrolysis by Using DMSO and DMF a) Hydrolysis with NaOH and Ca(OH)2 in DMSO Results of hydrolysis in DMSO are shown in Fig. 5 for NaOH and Fig. 6 for Ca(OH)2, re- spectively. It was found from these results that, in the presence of DMSO, the rate of hydrolysis of monochloride was high, prim-C8OH was formed selectively and the formation of sec-C8OH was supressed (product ratio was below 2%). Further, it was interesting to note that, at a lower level of water content, a higher conversion of monochloride was obtained in contrast with the case in which DMSO was absent. As an alkali catalyst, Ca(OH)2 was preferable to NaOH because of its higher selectivity for prim-C8OH formation and of its lesser decrease in selectivity at low levels of water content. b) Hydrolysis with Ca(OH)2 in DMF Results are shown in Table 6 and compared with those in the absence of DMF. From these results it was observed that DMF increased the conversion of monochloride but did not increase the selectivity for prim-C8OH formation because of the increase in the lighter by-products formed by the elimination reaction. Therefore, DMF was found to be undesirable as a hydrolysis solvent.
Reaction Rate and Activation Energy
The kinetics shown in Fig. 7 indicated that hydrolysis of monochloride with Ca(OH)2 in DMSO was SN2 reaction, and the activation energy was calculated as 19kcal/mol.
On the other hand, the activation energy of hydrolysis with Ca(OH)2 in the absence of DMSO was found to be 25kcal/mol (the temperature dependence of this reaction was determined under the same reaction conditions as those in Table 5 ). These results suggested that accelerating effect of DMSO might be attributed to the stabilization Fig. 1 , four isomers contained in the monochloride were changed to alcohols by hydrolysis. Behavior of each isomer was studied by analysis of the reaction mixture samples taken during the course of the reaction. The optimum conditions of hydrolysis with Ca(OH)2 in DMSO were taken up in this study, and the results obtained are shown in Fig. 8 . These results showed that primary chlorides were hydrolyzed more easily than the secondary chloride, and these results were opposite to those described in the patents3), in which the secondary chloride reacted rapidly. In SN2 reaction OH-ions attacked the than the secondary chloride.
The ratios of the amounts of alcohols formed/ chlorides reacted during hydrolysis are shown in Table 7 . A control experiment revealed that the four C8 alcohols did not interconvert to each other. As the ratios of prim-C8 alcohols formed/prim-C8 chlorides reacted (Table 7) were reaction, it was considered that most of the prim-C8 chlorides changed to prim-C8 alcohols without rearrangement. On the other hand, the ratios of sec-C8 alcohol formed/sec-C8 chloride reacted were extremely small in the latter half of the reaction (after 3hr) where sec-C8 chloride had reacted, and most of the reacted sec-C8 chloride (above 90%) changed into other compounds than to sec-C8 alcohol. It was assumed that the reacted sec-C8 chloride changed to cis and trans-C8 alcohols because the ratio of cis and trans-C8 alcohols formed/cis and trans-C8 chlorides reacted was over 1.0 in the latter half of the reaction. In addition, the ratio of cis, traps and sec-C8 alcohols formed/cis, trans and sec-C8 even in the latter half of the reaction. This result did not conflict with the prediction that sec-C8 chloride changed to cis and trans-C8 alcohols. Moreover, the isomerization of secondary isomers to primary isomers (cis and trans) was supported by the results of the ratios of transisomer/cis-isomer in alcohol given hereinafter. Ratios of trans-isomer/cis-isomer (t/c ratio) of cis and trans-C8 alcohols are shown in Table  8 . The t/c ratio was close to that of cis and trans-C8 chloride in the first half of the reaction (within 2hr), while the t/c ratio was high in the latter half of the reaction where sec-C8 chloride was considered to form primary cis and trans-C8 alcohols by isomerization. It was considered that high t/c ratio was due to the lesser steric hindrance for the trans-isomer. Hatch et al. 12 ) have confirmed that crotyl chloride (CH3-CH=CH-CH2-Cl), which was obtained by isomerization in the reaction of 3-butene-2-ol (CH3-CHOH-CH=CH2) and HCl aqueous solution, contained mainly trans-isomer.
The reaction path for the formation of isooctenyl alcohols from chlorides discussed above was summarized as follows:
The allyl rearrangement in the hydrolysis of halogenated hydrocarbons has not been reported, but it is known in the chlorination of alcohol. Young et al.20) , 21) showed that primary allylic type chlorides were formed by allyl rearrangement in the chlorination of allylic type alcohols by thionyl chloride and they explained these results by ion pair mechanism. In this work, the reaction rate was acceralated by use of DMSO solvent, and nearly complete isomerization of secondary to paimary isomer took place (Fig. 8) (Table 5) . Therefore, it might be supposed that hydrolysis was accelerated by the activation22),23) of free OH-ion due to the action of DMSO, and, simultaneously, this reaction proceeded through where isomerization took place.
